The Syva EMIT Autolab 6000 and the Abbott TDX automated methods for measuring (2) which is quick (1.5 h) compared with plate diffusion assays and also inexpensive, but it has been shown that a considerable degree of operator skill and experience is necessary to achieve accuracy and reproduc-
There are many methods available for the assay of aminoglycoside serum levels. Most are only semiautomated and are relatively expensive to buy and run. The urease method is a biological technique (2) which is quick (1.5 h) compared with plate diffusion assays and also inexpensive, but it has been shown that a considerable degree of operator skill and experience is necessary to achieve accuracy and reproduc-
MATERIALS AND METHODS
Assay methods used were as follows. (i) Syva EMIT Autolab 6000 (Syva UK, Maidenhead, Berkshire, England). Sera were analyzed for netilmicin using the EMIT system, which comprised a CP5000 computer unit (Syva) for data processing and printing of results, a Gilford In the original method there were two main areas of inaccuracy. First, errors of accuracy occurred in the pipetting of very small volumes of reagents. Pipetting was done manually, using an Oxford pipette with disposable tips. When measuring volumes as small as 25 itl, problems involving air bubbles and residual amounts of reagents remaining in the tips become significant in terms of accuracy of results. Second, the method requires the reading of pH values in eight tubes at the end of the incubation period. Because the system is biological, the reaction is still in progress after removal from the 37°C water bath. In an ideal situation, all eight tubes would be measured for pH simultaneously instead of singly using one pH meter and one electrode. When the time involved in mixing, capping and uncapping the tubes, and waiting for the meter reading to stabilize is taken into account, there is a considerable delay between the first and eighth tube (depending on the skill and dexterity of the operator). It is difficult to halt urease activity without actually changing pH.
The first problem was overcome by replacing the Oxford pipette with an automatic pipetting/diluting machine, the Dilutrend (BCL Ltd., Lewes, E. Sussex, England). This machine has a programmable memory for multiple pipetting and dispensing of reagents using Hamilton syringes, thus giving accuracy and reproducibility comparable to those of the Syva and Abbott systems. The entire dispensing of netilmicin standards, broth, and sera was entered into the Dilutrend memory on three programs, each easily recalled for use.
The second problem was solved by replacing the pH meter and single electrode with a sophisticated system produced by Corning (Corning Medical & Scientific, Halstead, Essex, England). This comprised a pH meter having an extremely short reading stabilization time and the facility to link it to a multiple electrode switching station, allowing up to five electrodes to be connected simultaneously, the calibration for each electrode being retained in the memory of the meter (Corning Delta 155 and Corning 5 Electrode Input station).
For our purposes, a jig was constructed to hold four micro-electrodes (Corning 003-11-306), enabling the rack containing the tubes to be placed beneath it. Thus the two rows of four tubes could be read extremely rapidly by switching from one electrode to the next in quick succession. In this way shifts in pH values due to the continuing enzyme action were brought to a minimum.
In automating the method in these ways, it was hoped to bring operator error and between-operator error to an acceptable level and achieve results consistently closer to the Syva and Abbott systems than was previously possible.
Comparative assays. Three concentrations of netilmicin were chosen, "low," "medium," and "high" values, falling within the range normally found in specimens received from patients on the hospital wards. Injectable netilmicin powder (Kirby Warrick Pharmaceuticals, Mildenhall, Suffolk, England) was reconstituted and brought to concentrations of 2.5, 7.0, and 13.0 p.g/ml, using pooled human serum obtained from "drug-free" antenatal clinic patients. Eight replicates The results of the comparative assays were analyzed graphically and statistically to show the degree of variation between methods and operators.
The standard deviations, coefficients of variation, and standard error of mean values were all calculated.
Costing. Costing was worked out as a cost per test for each method, using the current price of reagent kits from the manufacturers, including discounts if any, and taking into account the number of "tests" used for calibration throughout the life of one kit. The costs of time and disposables were also noted. RESULTS Results were good in terms of both accuracy and reproducibility for comparative assays for all three methods (Table 1 ). It was apparent that all three methods compared favorably with each other, and also that there was no significant difference between the two operators, although the experienced operator had consistently lower coefficient of variation values for the urease method than did the inexperienced performer. F tests were performed on the standard deviations between operators and at the 5% level were found to be insignificant. However, the F test is very sensitive to nonnormality, and this, combined with the low number of replicates performed, could lead to errors in the accuracy of the detection of variance.
The quality control results were also satisfactory ( Table  2 ). The TDX results for gentamicin and netilmicin and the urease results for gentamicin were classed by Bristol as group 1 (good), and the urease results for netilmicin were rated as group 2 (acceptable).
The costing of the three methods (Table 3) revealed that the EMIT and TDX methods were comparable in cost per test and time taken. The urease method was much cheaper in cost of equipment and cost per test, but took considerably more technician time to perform.
DISCUSSION
In our results, the EMIT and TDX compare well, both giving extremely accurate and consistent answers and the TDX giving slightly greater accuracy at higher concentrations. Also there appeared to be no significant differences between the operators, showing that good results may be obtained after a brief course of instruction. The results from the urease method are close to the others and fully acceptable for clinical work, but this method does not have quite the reliability and accuracy of the commercial systems. There was little difference between results obtained by the two operators using the new semiautomated version; thus, much of the error has been removed from the system, and the indication is that a person can be shown how to perform the assay and expect to achieve accurate and reproducible results very quickly. This method can be used to assay all the aminoglycosides and is unaffected by other drugs present in serum, including beta-lactams, co-trimoxazole, vancomycin, macrolides, imidazoles, and quinolones. There is no need to keep separate kits for each separate drug. Considering the low costs involved and the lack of complex machinery to go wrong, this method seems well suited to the needs of laboratories unable to afford the high running costs of commercial systems and should be of great benefit where availability of spare parts and service engineers is at a premium. The time involved in completing a urease assay is considerably longer than in the commercial systems, 1.5 h versus 6.5 min. However, most of this time is incubation time and the operator is free for other tasks.
The three methods are compared in detail in Table 4 . We find on the basis of this comparison that the TDX method is best suited to our clinical assay service.
